Background: Preservation of residual renal function (RRF) is a major issue for patients on peritoneal dialysis (PD). Whether proteinuria is associated with a decline in RRF in patients on PD remains unclear. Patients and Methods: We reviewed the medical records at the Yeungnam University Hospital in Korea and identified patients who started PD between June 1995 and August 2011. A total of 147 non-diabetic patients were enrolled in the study. The patients were divided into 3 groups with respect to the tertile of initial proteinuria level: Low (n = 49; <320 mg/day), Middle (n = 49; 320-822 mg/day), and High groups (n = 49; >822 mg/ day). Results: The mean patient age was 50.2 ± 15.0 years in the Low tertile, 50.2 ± 15.4 years in the Middle tertile, and 49.0 ± 15.1 years in the High tertile. Decline in RRF during follow-up period was greater in the High tertile than that in the other tertiles (P = 0.001). The proportion of patients with RRF >50% of baseline at 24 months after the initiation of PD was 83% in the Low tertile, 66% in the Middle tertile, and 40% in the High tertile (P < 0.001). The multivariate analysis after adjusting for initial RRF, age, gender, underlying disease of end-stage renal disease except diabetes mellitus, PD modality, use of icodextrin, PD-associated peritonitis, and tertile of the initial proteinuria level revealed that High tertile of the initial proteinuria level was associated with a decline in RRF (hazard ratios: 2.442 for the Middle tertile, P = 0.007 ; 3.713 for the Low tertile, P < 0.001). Conclusion: The present study demonstrates that proteinuria may be is associated with a rapid decline in RRF in non-diabetic patients on PD, although the potential role of additional factors should be further investigated in prospective studies.
Introduction
Peritoneal dialysis (PD) is an established renal replacement therapy for patients with end-stage renal disease (ESRD). Preservation of residual renal function (RRF) is a major issue for patients on PD. RRF is associated with several functions, including calcium-phosphate balance, nutrition, inflammation, removal of uremic toxins, and improved blood pressure control [1] [2] [3] [4] [5] . Finally, preservation of RRF is associated with better survival rate and quality of life in patients on PD. The Kidney Disease Outcomes Quality Initiative (K/DOQI) guideline recommends the use of renin-angiotensin system (RAS) blockade, prevention of insults to RRF or volume depletion, and monitoring of RRF [5] .
Proteinuria has been associated with increasing glomerular injury. In addition, proteinuria plays a role in tubular inflammation and fibrosis [6] . Thus, proteinuria leads to deterioration of renal function in patients with chronic kidney disease (CKD). There have been many reports regarding the effects of proteinuria on renal function in patients with nondialysis CKD [6] [7] [8] [9] [10] . At the time of PD initiation, the amount of proteinuria differs according to the underlying cause of ESRD or the RRF. There have been few reports concerning the effects of proteinuria on RRF in patients receiving dialysis. Using univariate analysis, Singhal et al. showed that high proteinuria is associated with faster decline of RRF [11] . However, whether proteinuria is associated with a decline in RRF in patients on PD remains unclear; hence, in this study, we aimed to address this.
Patients and Methods

Selection of patients
We reviewed the medical records at the Yeungnam University Hospital in Korea and identified 547 Asian patients (age > 18 years) who started PD between June 1995 and August 2011. We excluded 268 patients who had diabetes mellitus (DM) as the underlying cause of ESRD, 47 patients with an initial urine output <200 mL/day, and 85 patients with <6 months of follow-up. DM was defined as the use of insulin or oral hypoglycemic agents, or a fasting glucose of ≥126 mg/dL or a 2-h post-glucose challenge value of ≥200 mg/dL. None of the patients were undergoing PD for protein-losing diseases such as multiple myeloma. A total of 147 patients were enrolled in the study. The patients were divided into 3 groups with respect to the tertile of the initial proteinuria level: Low (n = 49; <320 mg/day), Middle (n = 49; 320-822 mg/day), and High groups (n = 49; >822 mg/day). This study was approved by the institutional review board of the Yeungnam University Hospital. The board waived the need for informed consent.
Clinical information
The clinical and laboratory data collected at the time of PD initiation included age, gender, underlying cause of ESRD, peritoneal equilibration test (PET), urine volume (mL/day), ultrafiltration volume (mL/ day), high sensitivity C-reactive protein level (hs-CRP; mg/dL), serum albumin level (g/dL), RRF (mL/ min/1.73m owing to catheter-associated infection and mechanical problems. The edema index was measured by multifrequency bioimpedance analysis (In-Body 4.0; Biospace, Seoul, Korea), with the subject in a standing position. This analysis was performed every 6 months with patients' consent. Measurements were taken after drainage of the dialysate. The edema index was defined as the ratio of extracellular fluid to total body fluid.
The laboratory parameters were measured every 6 months after the initiation of PD during the first 2 years. Patients were censored at the event of death, follow-up loss, transfer to HD, or kidney transplantation. A modified 4.25% PET was performed. The intra-abdominal fluid was drained, and PD fluid containing 4.25% glucose was infused intraperitoneally [13] . The creatinine level of the drained dialysate, 4-h after the injection, was divided by the blood creatinine levels to obtain the D/P Cr ratio. High transporter was defined as a D/P Cr ratio of > 0.81 [14] . The sodium (Na) levels in the drained dialysate, 1 h after injection, was divided by the blood Na levels to obtain the D/P1 Na ratio. The weekly Kt/Vurea was calculated on the basis of 24-h urine and dialysate as follows: weekly Kt/Vurea = 7 × {[24-h urine urea nitrogen content (mg/dL) × 24-h urine volume (L)] + [24-h dialysate urea nitrogen content (mg/dL) × 24-h drain volume (L)]}/[distribution volume of urea (L) × serum urea nitrogen (mg/dL)] [15] . The distribution volume of urea was calculated with V, estimated from a previous study [16] . Inadequate dialysis was defined as a weekly Kt/Vurea value of < 1.7 in the K/DOQI guideline [5] . Proteinuria level (mg/day) and RRF were measured by using the 24-h urine collection. The RRF was calculated on the basis of the 24-h urine collection as follows: RRF = 0.5 × [24-h urine creatinine content (mg/dL)/serum creatinine (mg/dL) + 24-h urine urea nitrogen content (mg/ dL)/serum urea nitrogen (mg/dL)] × 1.73/body surface area (m 2 ) [15] . Our center made efforts to reduce the error in RRF evaluation by educating the patients and by trend analysis of the monthly urine volume. If the clinician thought that the RRF evaluation was inappropriate, we repeated the 24-h urine collection. The slope of the RRF decline was determined using the least-square method (mL/min/6 months/1.73m 2 ) from the initiation of PD to the end-point of follow-up or the time of anuria. A significant decline in RRF was defined as a RRF loss of >50% from baseline. This is a hypothetical cutoff for RRF decline. Some studies have used this as a criterion to indicate a significant decline in RRF [16, 17] . Anuria was defined as <100 mL/day of urine volume.
Statistical methods
The data were analyzed using SPSS version 19 (SPSS, Chicago, IL, USA). Continuous data are represented as mean ± SD; categorical variables are expressed as counts and percentages. Differences in continuous variables were compared using a t-test and one-way analysis of variance (ANOVA), and differences in categorical variables were compared using either Pearson's χ 2 test or Fisher's exact test. One-way ANOVA were followed by a post hoc Tukey comparison. Multivariate analyses of covariance were used to determine the independent predictors of the slope of RRF. Survivals from >50% loss of RRF or anuria were calculated with the life table and cox regression analyses. Survival curves were plotted using Life table method. P values <0.05 were considered statistically significant.
Results
Clinical characteristics at the time of PD initiation and at 24 months after PD initiation
The mean patient age was 50.2 ± 15.0 years in the Low tertile (n = 49), 50.2 ± 15.4 years in the Middle tertile (n = 49), and 49.0 ± 15.1 years in the High tertile (n = 49). Male, automated PD, and use of icodextrin in the High tertile were greater than that in the Low and Middle tertile (Table 1) . Decline in RRF during follow-up period was greater in the High tertile than that in the other tertiles (P = 0.001). Initial weekly Kt/Vurea in the Low tertile was higher than that in the Middle tertile (P = 0.049). There was no significant difference in the number of patients received inadequate dialysis among the 3 tertiles (P = 0.143). The serum albumin levels were 3.68 ± 0.50 g/dL in the Low tertile, 3.76 ± 0.49 g/dL in the Middle tertile, and 3.62 ± 0.47 g/dL in the High tertile (P = 0.341, coefficient of variation = 0.132). The hs-CRP levels were 0.44 ± 0.81 mg/dL in the Low tertile, 0.59 ± 1.12 mg/dL in the Middle tertile, and 0.76 ± 1.22 mg/dL in the High tertile (P = 0.363, coefficient of variation = 1.78). For RAS blockade in the Low tertile, angiotensin converting enzyme inhibitor (ACEI) was given to 7 patients, angiotensin receptor blocker (ARB) to 32 patients, and both to 3 patients. In the Middle tertile, 11 patients received ACEI, 25 patients received ARB, and 2 patients received both. In the High tertile, 5 patients received ACEI, 33 patients received ARB, and 2 patients received both. There was no significant difference in the underlying cause of ESRD, use of diuretics, use of RAS blockade, D/P1 Na , ultrafiltration volume, and CrCl at the time of PD initiation. One hundred fifteen of 147 patients were followed for 24 months after PD initiation. Patients were censored owing to follow-up loss (19 patients), death (6 patients), transfer to kidney transplantation (4 patients), and transfer to HD (3 patients). Forty-two patients in the Low tertile, 36 patients in the Middle tertile, and 37 patients in the High tertile completed 24 months of follow-up after the time of PD initiation. At 24 months after PD initiation, the urine volume and RRF in the Low tertile were higher than those in the High tertile (P = 0.002 for urine volume and P = 0.001 for RRF). The ultrafiltration volume in the Low tertile was less than that in the High tertile (P = 0.024). Serum creatinine was significantly higher in the High tertile than in the other tertiles (P = 0.001). Weekly Kt/Vurea and CrCl in the Low tertile were higher than those in the other tertiles (P = 0.001). There were more patients receiving inadequate dialysis in the High tertile than in the other tertiles (P = 0.047). There was no significant difference in proteinuria and PD-associated peritonitis at 24 months after PD initiation. Technical failure during the follow-up period occurred in one patient in each tertile.
The proteinuria levels in High tertile significantly decreased during follow-up ( Figure  1 ): 2595 ± 2492 mg/day at PD initiation and 545 ± 821 mg/day at 24 months (P < 0.001). In the Middle tertile, the level was 572 ± 133 mg/day at PD initiation and 395 ± 373 mg/day at 24 months (P = 0.004). In contrast, the proteinuria level in the Low tertile increased from 135 ± 72 mg/day to 317 ± 300 mg/day (P = 0.001).
Factors affecting RRF decline
The proportion of patients with RRF >50% of baseline at 24 months after the initiation of PD was 83% in the Low tertile, 66% in the Middle tertile, and 40% in the High tertile (P < 0.001) (Figure 2 ). To identify the variables predicting a >50% loss of RRF, the clinical and laboratory test results were analyzed using univariate and multivariate analyses ( Table  2 ). The univariate analysis revealed that glomerulonephritis as an underlying disease of ESRD, the use of icodextrin, and being in the High tertile of the initial proteinuria level were associated with a >50% loss of RRF. The multivariate analysis after adjusting for initial RRF, age, gender, underlying disease of ESRD, PD modality, use of icodextrin, PD-associated peritonitis, and tertile of the initial proteinuria level revealed that being in the High tertile of the initial proteinuria level was associated with a >50% loss of RRF. The hazard ratios of the High tertile of proteinuria were 2.442 (confidence interval, 1.283-4.646; P = 0.007) for the middle tertile and 3.713 (confidence interval, 1.782-7.738; P < 0.001) for the low tertile. The anuria-free survival rate at 24 months was higher in the Low tertile than in High tertile (P = 0.039; 94%, 93%, and 73% in the Low, Middle, and High tertiles, respectively) ( Figure  3) .
The univariate analysis revealed that the underlying disease of ESRD and the tertile of initial proteinuria were associated with the slope of RRF during the follow-up period (Table  3) . Age, gender, GDP solution, use of RAS blockade, use of diuretics, use of icodextrin, PD modality, and PD-associated peritonitis were not associated with the slope of RRF during the follow-up period. The multivariate analysis after adjusting for initial RRF, age, gender, underlying disease of ESRD, PD modality, use of icodextrin, PD-associated peritonitis, and tertile of the initial proteinuria revealed that the High tertile of initial proteinuria was associated with a steep slope of RRF during follow-up.
Discussion
Proteinuria is a result of CKD, and a risk factor for the progression of CKD. Proteinuria is associated with progressive injury through multiple pathways, including induction of tubular chemokine expression and complement activation that lead to inflammatory cell (e.g., macrophage) infiltration [6] . Proteinuria in CKD is associated with a decrease in the glomerular filtration rate and an increase in cardiovascular mortality [10] . The present study shows that an initial High tertile of proteinuria is an independent risk factor for the rapid decline in RRF in non-diabetic patients on PD.
Singhal et al. showed that higher proteinuria is associated with faster decline on univariate analysis only and not on multivariate analysis [11] . In their study, high proteinuria was associated with a high incidence of DM, which may be associated with the lack of a relationship between Table 2 . Factors predicting a >50% loss of residual renal function during follow-up Fig. 1 . Changes in proteinuria levels after PD initiation according to tertiles of proteinuria. Data are as follows (in mg/day): at PD initiation, 135 ± 72 for the Low tertile, 572 ± 133 for the Middle tertile, 2595 ± 2492 for the High tertile; at 6 months, 366 ± 365 for the Low tertile, 423 ± 378 for the Middle tertile, 1086 ± 1339 for the High tertile; at 12 months, 357 ± 336 for the Low tertile, 345 ± 234 for the Middle tertile, 1118 ± 1964 for the High tertile; at 18 months, 394 ± 430 for the Low tertile, 321 ± 296 for the Middle tertile, 627 ± 1038 for the High tertile; at 24 months, 317 ± 300 for the Low tertile, 395 ± 373 for the Middle tertile, 545 ± 821 for the High tertile; *P <0.001 vs. 24 months, #P = 0.004 vs. 24 months, and † P = 0.001 vs. 24 months). proteinuria and the decline in RRF on multivariate analysis. DM is a well-known nonmodifiable risk factor for the decline in RRF in patients on PD. When divided into groups according to the proteinuria level, most patients with a high proteinuria were found to have DM. From our data, the ranges of proteinuria level in non-DM patients were 40-317mg/day in the Low tertile, 318-822 mg/day in the Middle tertile, and 823-12,768 mg/day in the High tertile. The ranges in DM patients were 75-849 mg/day in the low tertile, 850-2370 mg/day in the middle tertile, and 2371-24,000 mg/day in the high tertile (data not shown). These findings revealed that most DM patients would be included in the middle or high tertiles, and this would result in an imbalanced inclusion. In addition, other vasculopathies or comorbidities combined with DM may be associated with decline in RRF. These factors would be difficult to express objectively and enter into a multivariate analysis in a retrospective study. Therefore, DM patients were excluded in the present study.
Jansen et al. showed that baseline proteinuria was associated with a rapid decline in RRF after 6 months of the start of dialysis; however, they did not perform multivariate analysis [18] . Although the previous two studies evaluated the predictors of decline in Fig. 3 . Anuria-free survival curve according to the tertile of initial proteinuria level (24 months anuria-free survival rate: 94% for the Low tertile, 93% for the Middle tertile, and 73% for the High tertile; P = 0.039 for Low vs High tertile). Table 3 . Factors associated with the slope of RRF (mL/min/6 months/1.73m 2 ) after the time of PD initiation RRF in patients on dialysis, they were limited by the absence of sufficient adjustment for other factors [11, 19] . In addition, evaluation of the effects of proteinuria on RRF was not the primary purpose of these studies. We enrolled non-DM patients to evaluate the effect of proteinuria on RRF decline, and investigated the effects of proteinuria on RRF by using multivariate analysis after adjusting for variables. The present study did not have a control arm; the purpose of this study was to evaluate changes in clinical outcomes according to proteinuria. A dichromatic approach, such as including normal and abnormal groups, will be prone to false-positive results. Therefore, the patients were divided into three tertiles according to the level of proteinuria. The patients could be divided into three groups according to normal (<150 mg/day), non-nephrotic range proteinuria (150-3500 mg/day), and nephrotic range proteinuria (>3500 mg/day). This study is a retrospective study with a small number of patients. Dividing the patients according to absolute ranges would result in their uneven distribution.
If proteinuria is associated with a decline in RRF, the possible therapeutic options for decreasing proteinuria should be discussed. RAS blockades such as angiotensin converting enzyme blocker or angiotensin receptor blocker are well-known therapy for decreasing proteinuria. Although previous studies showed that RAS blockade slows the decline in RRF in patients on PD, they did not show a significant decline in proteinuria [20, 21] . There may be several reasons for this: (1) a secondary decrease in proteinuria combined with a decline in RRF; (2) a different pathophysiology for proteinuria in patients on dialysis; and (3) association of proteinuria in patients on dialysis with glomerular injury rather than hemodynamic change [20, 21] . Moreover, RAS blockade dose not exhibit a positive effect on RRF in patients on PD, as demonstrated by the results from a recent large cohort study [22] . Further investigations are required to determine the definite effect of RAS blockade on the decline in proteinuria in patients on PD.
The association between RRF and PD solutions remains controversial. Previous studies reported conflicting results regarding the effect of low GDP dialysate on RRF [23] [24] [25] [26] [27] [28] [29] [30] . These studies have many limitations such as study design, high drop-out rate, statistical error, lack of data for peritoneal ultrafiltration, and low baseline RRF. Therefore, a definite conclusion for association between low GDP dialysate and RRF could not be made. Recently, a balANZ trial tried to overcome these limitations. This study concluded that low GDP dialysate was not associated with the decline in RRF, but may delay the onset of anuria [30] . The present study did not show an association between the 2 variables; the use of low GDP dialysate was defined as the main dialysate used during the follow-up period. Patients who maintained the same dialysate for the follow-up period should be included to evaluate the effect of low GDP dialysate in RRF decline.
In the present study, patients in the higher proteinuria tertile used automated PD or icodextrin more than those in the lower tertiles. Patients with high proteinuria are associated with poor edema control. This could be associated with higher use of automated PD and icodextrin in patients in the high proteinuria tertile. Some patients may be hypovolemic and have a repercussion on RRF, but initial urine volume in the High tertile group was greater than the ultrafiltration volume. There were no significant difference among the tertiles, but there was an increasing trend in the edema index as the tertile of proteinuria level increased Takatori et al. showed that urine volume significantly decreased in the earlier period in patients using icodextrin compared with those using glucose solution; however, there was no significant difference between the two groups [31] . They also suggest that superior ultrafiltration may reduce the RRF if the duration of dialysis therapy is >2 years. The present study did not conclusively establish whether the RRF decline in the High tertile of proteinuria is associated with high ultrafiltration due to icodextrin use, or whether the poor edema control in the High tertile of proteinuria necessitated the use of icodextrin. A faster RRF decline in automated PD patients has been suggested in previous studies [32, 33] , but other studies found no such evidence [34, 35] . In the present study, automated PD was not associated with a significant decline in RRF; however, the number of patients on automated PD was small. Therefore, prospective studies with a larger sample size are needed.
Proteinuria itself is considered nephrotoxic and may be associated with further increase in urine protein levels. The common final pathway is decline in renal function. Most heavily proteinuric patients on dialysis have minimal RRF compared with non-dialysis patients. The predominant effect of heavy proteinuria may be a decrease in RRF rather than a increase in proteinuria levels. Finally, a rapid decline in RRF is associated with a high incidence of poor edema control. The decrease in proteinuria was greater in the High tertile than in the other tertiles. There were no significant differences between the tertiles; however, the trend showed that, at 24 months after PD initiation, the edema index in the High tertile was higher than that in the other tertiles. However, in the Low tertile, proteinuria significantly increased during follow-up and the RRF decline was lower than in the other tertiles. These suggest that low-grade proteinuria may be progressive and has less effect on the decline in RRF, but heavy proteinuria may predominantly lead to decrease in RRF rather than a further increase in proteinuria, and may be associated with poor edema control.
The PD-associated peritonitis and the use of aminoglycosides have also been associated with a faster loss of RRF [11, 36] . Recently, a large study showed that empiric treatment with aminoglycoside for peritonitis was not associated with the loss of RRF [37] . In our center, most patients with peritonitis are treated with cefazolin sodium and tobramycin sulfate as the first-line antibiotics. During the follow-up period, most patients experienced only one episode of peritonitis. Therefore, we used the dichromatic approach for PD-associated peritonitis. There was no statistical significance in this regard; multivariate analysis revealed a 1.563 hazard ratio for a >50% loss of RRF (P = 0.085). In addition, serum albumin is an independent risk factor for the development of peritonitis in PD patients [38] . Proteinuria would be associated with hypoalbuminemia, and this may be associated with a high incidence of peritonitis and high technical failure. In the present study, technical failure during the follow-up period occurred in one patient in each tertile. There was no significant difference in serum albumin between the three tertiles and the technical failure rate was small. Further studies including more patients will be needed to evaluate the association between proteinuria and technical failure.
High-dose diuretics would help increase urine volume and control the volume status. However, these may have additional side effects such as ototoxicity. There were controversies about whether diuretics are associated with the preservation of RRF. There were two conflicting studies about the role of diuretics in RRF decline [39, 40] . In a randomized study, Medcalf et al. showed that there was a significant increase in urine volume during 1 year but diuretics had no effect on preserving the RRF [39] . In a retrospective study, Liao et al. showed that patients with a rapid decline in RRF used diuretics more often than those with a slow decline in RRF [40] . Although our results favor the former study, randomized studies considering volume status and urine volume would be needed to elucidate the effect of diuretics on the decline in RRF.
The initial Kt/Vurea and CrCl in the High tertile were not significantly different from those observed in the other tertiles. At 24 months after PD initiation, the decline in RRF and urine volume in the High tertile was greater than that in the other tertiles, although the decline in urine volume was accompanied by an increase in peritoneal ultrafiltration volume. At 24 months after PD initiation, weekly Kt/Vurea and CrCl in the High tertile were lower than that in the other tertiles. In addition, the number of patients receiving inadequate dialysis in the High tertile was greater than that in the other tertiles. This result shows that RRF plays an important role in the maintenance of adequate dialysis. The rapid decline in RRF in the High tertile may be associated with a low dialysis dose and high serum creatinine levels.
The present study is a retrospective study with a small sample size and inherent limitations such as selection bias and immortal bias. Only 147 patients (26.9%) of the total 547 incident PD patients were included in the study. Patients with <6 months of follow-up were excluded. Patients had to survive for >6 months to be included in the study. The time interval for an event (RRF <50% of baseline or anuria) was 6 months. Kaplan-Meier analysis is the preferred method for data without a regular time interval for an event. However, the actuarial or life table method is preferred for data with regular or long time intervals such as in the present study. Therefore, data such as the survival curve data and the number of atrisk patients were analyzed using the life table method. In addition, as a single-center study, we could not evaluate differences across ethnicities. Although proteinuria is associated with a rapid decline in RRF, we were unable to reveal if a decrease in proteinuria is associated with the preservation of RRF. Prospective randomized controlled studies will be needed to overcome these limitations.
Conclusion
The present study demonstrates that proteinuria may be associated with a rapid decline in RRF in non-diabetic patients on PD, although the potential role of additional factors should be further investigated in prospective studies.
